beekeepers or subjects with a bee-house in the vicinity suffered a bee re-sting within 5.25 years compared to 10.75 years for individuals who were not beekeepers. Conclusions: The high degree of exposure of vespid-venom-allergic outdoor workers and bee-venom-allergic beekeepers and subjects living close to bee-houses underlines the high benefit of venom immunotherapy for these patients even if they suffered a non-life-threatening grade II reaction. Yet, bee-venom-allergic individuals with no proximity to beehouses and with an indoor occupation face a very low exposure risk, which justifies epinephrine rescue treatment for these patients especially if they have suffered from grade II sting reactions.
ing treatment option is venom immunotherapy (VIT) with an established efficacy of 95% in vespid-venom-allergic and 75-85% in bee-venom-allergic patients [2, 3, 5, 6] . VIT has also been shown to improve the health-related quality of life of the patients [7] [8] . Although highly efficacious, VIT requires injections every 4-8 weeks over 3-5 years [2, 3, 9] , and is associated with a risk of treatment-associated allergic side effects in up to 20% of all patients [10] which impedes treatment compliance [11, 12] . Furthermore, prediction of the future course of hymenoptera venom allergy (i.e. prediction of the reaction to a re-sting) is difficult, keeping the discussion about patient selection for VIT ongoing [13, 14] .
There are indeed regional differences in the recommendations to initiate VIT. In the USA, VIT is recommended for all adult patients who have experienced a systemic reaction [2] . European guidelines recommend VIT for patients with a history of severe life-threatening grade-III or grade IV systemic allergic sting reactions according to H.L. Mueller ( table 1 ) [15, 16] , including respiratory or cardiovascular symptoms [3] . Such recommendation is based on the observation that patients with an initial grade III or grade IV reaction face a 30-60% risk of suffering a life-threatening systemic reaction upon a re-sting, if untreated [17, 18] . However, there is a grey zone concerning patients with a grade I or grade II systemic reaction. For such patients, who have suffered a non-lifethreatening grade I or grade II reaction, (i) other factors associated with a high risk of suffering a severe reaction upon a re-sting ( table 2 ), (ii) high sting exposure or (iii) highly impaired quality of life also justify initiation of VIT [3] . While the former issue has been extensively investigated, data regarding exposure risk is poor. Occupation, leisure activity, residence, age and sex have been described as influencing the exposure risk [9, [18] [19] [20] [21] [22] . Furthermore, a personal history of an anaphylactic sting reaction also affects exposure risk as the fear of a future allergic reaction induces behavioral changes associated with avoidance measures [8] . Moreover, patient education including preventive measures has the potential to minimize the re-sting risk [3] . Yet, the actual sting frequency in allergic patients has never been quantified so far. However, this parameter might help to evaluate the benefit for individual patients of undergoing VIT.
This study therefore investigated and quantified the sting frequency in hymenoptera-venom-allergic patients in order to define high and low sting-exposure groups and to help decision-making with regard to VIT initiation, particularly in grey-zone situations concerning patients with grade I and grade II allergic reactions.
Material and Methods

Study Design and Patient Selection
This study was designed as a retrospective observational study. Patients were recruited from an allergologist's practice in a Swiss town, Lucerne (76,000 inhabitants), with a large rural agglomeration (274,000 inhabitants). Patients with a severe systemic allergic sting reaction or a high level of fear due to the allergic sting reaction were treated with VIT. Hence, hymenoptera venom allergy status was rated between Mueller grade III and grade IV in 95% of the patients. Patients who started ultrarush VIT between the years 1996 and 2003 were included and followed up until the end of 2008 in order to obtain data regarding hymenoptera stings. With the exception of beekeepers who were instructed to wear protective clothing with nets and gloves, patients did not get specific recommendations on how to prevent future hymenoptera stings. Patients who were lost to follow-up were not in- Table 2 . Risk factors for a severe reaction to a hymenoptera sting [18, 19, 22, 25, 26] History of a prior severe sting reaction (with respiratory or cardiovascular symptoms) Vespid venom allergy (for field stings) Time interval between stings (<5 years) Elevated serum tryptase, mastocytosis Preexisting diseases (e.g. cardiovascular or asthma) Drugs (e.g. beta-blocker and angiotensin-converting enzyme inhibitors) Older age Male sex von Moos /Graf /Johansen /Müllner / Kündig /Senti cluded in the respective analyses. A total of 106 bee-venom-allergic patients and 108 vespid-venom-allergic patients undergoing VIT were enrolled, and the re-sting data of 96 bee-venom-allergic patients and 95 vespid-venom-allergic patients could be analyzed. The median follow-up period was 6.6 years.
The study was performed with the approval of the local ethics review committee.
Re-Sting Data Collection
The demographic data, data on the patients' medical history and the results of any hymenoptera-specific diagnostic tests were collected from the medical records. Details on hymenoptera stings during therapy were obtained at follow-up visits 3 or 5 years after the start of VIT. Patients were sent a questionnaire to assess the sting frequency after therapy discontinuation. Patients who did not return the questionnaire were contacted by phone.
Statistical Analysis
The evaluation of the risk of suffering a sting was calculated with a multivariate logistic regression analysis. The final model included variables from table 3 , if p ! 0.1 as well as the factor 'time of observation', for which the outcome variable was controlled. Unfortunately, with only 4 beekeepers in our sample, we could not run a logistic regression analysis with beekeeping as a risk factor, instead merging them with the group of patients living close to a bee-house.
For calculation of the time interval from the start of VIT to the first re-sting, a Kaplan-Meier survival analysis was performed with a log-rank test.
Results
A total of 96 bee-venom-allergic patients and 95 vespid-venom-allergic patients with re-sting data could be analyzed. Male sex was overrepresented in both groups. Three quarters of the patients were living in a rural environment. The mean age at the start of VIT was 30.6 years for bee-venom-allergic patients and 36.1 years for vespidvenom-allergic patients, respectively ( table 3 ) .
Risk Factors for Re-Sting
The logistic regression analysis revealed that working outdoors, being a child or having a bee-house in the vicinity represented a 2-3 times higher risk for bee-venomallergic patients to be re-stung ( table 4 ). In the multivariate regression analysis, the significance level of 0.05, however, could not always be met ( table 5 ) . It must be noted that the group of beekeepers was merged with patients living near a bee-house. It is obvious that beekeepers face a much higher risk of being re-stung; all 4 reported to have received more than 30 stings.
Vespid-venom-allergic patients with an outdoor occupation were found to have a 5 times higher risk of suffering a re-sting than those with an indoor occupation ( tables 6 , 7 ). Sex, age, residency and leisure activity were not associated with a higher sting risk ( tables 4 , 6 ).
Sting-Free Time
A Kaplan-Meier analysis revealed a median sting-free interval of 7.75 years (93 months, 95% CI 58.34-127.67) for the patients with bee-venom-allergy and a median sting-free interval of 5.52 years (65 months, 95% CI 55.91-74.09) for patients with vespid-venom-allergy. Sting-free time was significantly different according to occupation for vespid-venom-allergic patients (p ! 0.001) and according to the presence of a bee-house in the vicinity for bee-venom-allergic patients (p = 0.019) ( fig. 1 , 2 ) . A logrank test was not calculated to investigate the association between occupation and sting-free time for bee-sting-allergic patients as the proportional hazards assumption was not met.
Stratifying the data according to the factor bee-house in the vicinity for bee-venom-allergy resulted in median sting-free intervals of 5.25 years (63 months, 95% CI 54.9-71.1) for people with a bee-house in the vicinity and 10.75 years (129 months, 95% CI 85.8-172.2) for people not living near one. Stratification for occupation revealed a median re-sting-free interval of 6.66 (116 months) years for outdoor workers and 9.66 years (80 months, 95% CI 62.5-97.5) for indoor workers ( table 8 ). 
Discussion
Venom immunotherapy is the only disease modifying treatment option for hymenoptera venom allergy showing a high success rate. However, a long treatment duration requiring injections every 4-8 weeks over 3-5 years associated with high treatment costs, and the risk of treatment-associated allergic side effects keeps the discussion on whom to select for VIT ongoing. We focused on the determination of the sting frequency of different hymenoptera-venom-allergic patients in order to help decision-making, especially with regard to patients suffering from mild systemic sting reactions.
Analyzing data from Swiss hymenoptera-venom-allergic patients living to a large extent in a rural environment, we found outdoor occupation to be the only risk factor for a wasp re-sting whereas outdoor occupation, beekeeping or living in the vicinity of a bee-house are all risk factors for a bee re-sting. Being a child also seemed to be associated with a higher risk of a bee re-sting, but not for a wasp re-sting.There was, however, no difference in the risk of re-stings between children living in the vi- Outdoor work Children cinity of a bee-house and children living nowhere near one. While this result is difficult to explain, we do not want to overstate its importance, particularly as its statistical significance is only moderate. Beyond that, our study shows that 50% of the patients belonging to a highrisk group were re-stung within 3.75 to 5.25 years on average. In contrast, 50% of vespid-venom-allergic indoor workers and bee-venom-allergic subjects other than the beekeepers working indoors experienced periods of 7.5 and 10.75 years respectively without suffering a wasp or bee re-sting, respectively. These figures have to be interpreted cautiously, however, as we cannot be completely sure that patients recalled correctly when they had been re-stung. For a long time, beekeepers and their family members have been identified as a high-risk group of hymenopteravenom-allergic patients, and management options for this population have already been adapted, recommending VIT not only to beekeepers suffering from mild grade I and grade II systemic allergic reactions, but even to those suffering from repeated large local reactions [23] . However, the majority (63%) of bee-venom-allergic patients do not belong to this high-risk group and only face a small risk of being re-stung. For the bee-venom-allergic patients -other than the beekeepers, with no vicinity to a bee-house and with an indoor occupation -who only suffered a non-life-threatening grade I or grade II sting reaction in the absence of other risk factors (see table 2 ), the benefit of a time-consuming and risk-associated VIT is small and prescription of autoinjectable epinephrine as a rescue treatment is justified. Indeed, young patients especially have been shown to prefer this to VIT [24] .
With regard to vespid-venom-allergic patients, the impact of our study mainly concerns vespid-venom-allergic outdoor workers with mild systemic reactions, who suffer a high degree of exposure. It has been demonstrated that hymenoptera re-stings within a time interval of 2 weeks to 5 years comprise a 40-77% risk of inducing a more severe reaction [18] . Combined with our data, these observations allow the conclusion that vespid-venom-allergic outdoor workers with a grade II systemic reaction face a considerable risk of suffering a future grade III reaction when re-stung. Prescription of VIT is therefore highly recommended after grade II systemic reactions for these individuals. Contrarily, re-sting risk for vespid-venomallergic indoor workers is small, reducing benefit of VIT after mild systemic sting reaction for this patient group.
Even though hymenoptera venom allergy has been studied extensively, the actual sting frequency has never been thoroughly investigated. It has been described that climate, temperature and certain occupations and activities (such as beekeeping) influence the risk of being restung [19] , but this risk has never been quantified. Based on the analysis of a Swiss population living mainly in a rural environment, we substantiated the high sting frequency not only of beekeepers and their family members, but also of vespid-venom-allergic outdoor workers. On the other hand, both bee-venom-allergic patients in no proximity to a bee-house and with an indoor occupation as well as vespid-venom-allergic subjects who work indoors face a very low sting exposure risk. This information may affect the decision-making process in VIT situations concerning patients with grade I and grade II systemic allergic reactions where the cost benefits of VIT come into question.
